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JExm&Mr Method 



The present invention ratals to an isprovsd s^thod of 
transferring DMA into cells, particularly by trans fecticn, 
5 In particular, the invention concerns the use of protein* 
hsving a high basic amino acid content in order to issprov® 
*ffici«ncy of DMA t^Mfkr and the us* of ealciw nitrate in 
a calciua. phosphate transrection protocol . 

10 The transfer of cloned W» into Hawaiian cells is a routine 
procedure widely used in «• number of applications, including 
basic research into the mtchani'sns of action or cellular 
«chii»ry. protein expression using rscooblnant DNA 
techniques, the creation of transgenic anissals and gene 

IS therapy, & variety of different techniques are available 
for the transfer Of cloned DNA. These techniques include 
the use of viral vectors, direct injection into the cell and 
transection in which the DNA is taken up directly fay the 
cell., A mmber of different tr&hsf action t«ehnigu«« exist, 

20 such as DSAS-dextran mediated trarssf action (Hccutqtwn and 
Psgs.RO, isss) and caiciujs phosphate mediated transfection 
(firahaai and van der 23b X973) . a number of other related 
procedures include electroporation (Potter et aj , 1984) , 
■liposome technology < Schaf f sr-Ridder et &X , i#82) and 

25 iipofeotion (Felgsier et al r 198? 5 . 

Still the ssost oojsston technique is caiciuss phosphate 
mediated trsnsfi action, -This technique involves mixing DNA 
directly with calciua chloride in a phosphate buffer. A 
30 calciu* phosphate precipitate containing the DNA forsss and 
this precipitate adheres to the surface of the cells to he 
transf acted, the precipitate, including the DNA, is then 
taksn up into the cell by ©ndocytosis. 

3 5 we have now found that proteins rich in basic asaino aoids 
**ay be used to dramatically increase the efficiency of 
■transf ection processes. According to a first aspect of the 
present invention, therefore, there is provided * s»thod 
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for ^ansf acting a cell with a nucleic acid comprisi..., 
contracting the cell with a vector which comprises the 
•nucleic acid in the presence of a protein having a high 
basic amino .acid content. 

The nucleic acid used t© transform the calls say be in the 
for* of DMA or MA and; w encode any protein or ribonucleic 
acid of Interest. 

The vector stay be any vector used for transaction, such as 
a plasmid, in circular or linearised form. 



Preferably, the vector is delivered to the cell using a 
transf act ion process known to those of skill in the art, 
15 Preferably., the trans-faction process is calcium phosphate 
madia ted transf ection. However, it is envisaged that other 
processes which involve the adherence of DS*A to the cell 
surface will be enhanced by the use of the istprovaaent of 
the invention. 



he basic amino acid rich protein is preferably a hi stone 
protein. Advantageously, the histon® protein is histone 



iS In the case of calcium phosphate transf ection, the protein 
is advantageously added to the transf ection mixture after 
th« formation of the calcium phosphate precipitate. However, 
satisfactory results aay be obtained even if the histone is 
present &b initio. 

30 

A further improvement in tranafection efficiency saay be 
achieved by replacing the calcium chloride in the 
transf action protocol with calcium nitrate. Use of calcium 
nitrate is found to give & measurable improvement in 
3 5 transf action efficiency even when used independently of 
histone proteins. However, when used in conjunction with 
histories a synergistic effect is observed which leads to a 
large scale increase in transfection efficiency, aonctiM* 
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3 

over 400 fold. 

The i!,VSRtion furth « r Provides a kit for putting th» method 
according to the previous aspects of the invention into 
practice, Prof araMy, the Kit comprisss at least on« © fs 

&} a preparation containing a protein having & high 
ba*ic assine acid content; 

b) c **ciu* chloride and/sr ealciuja nitrate? 
c> a phosphate buffer; and 
d) nucleic acid, 

Th® invention is described below for the purposes Of 
exempli ficstion only, with reference to the following 
figures, in which; 

Figure i shews the transaction of neuroblastofca K2A calls 
by the calciua phosphate raethod, using varying amounts of 
histona K2A; 

Figure 2 shows trans feet ion of 3T3 fibroblast* by the 
20 calcium phosphate method using varying aaounts of histoh* 
H2A . 
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Calciuas phoaphats-ftsdiatsd transaction {Srahaa and van der 
Eb, J973} involves aixihg the DNA directly with Ca« 2 and 
Phosphate buffer to form a fine calcium phosphate 
precipitate containing the £>NA which is than placed on the 
ceil aonolaysr. The precipitate binds to the piassaa 
30 Bswbrane and it is taken into the cell by sndocytosis. In 
this new method Histone iia (Sigma) was added to the CaPO^ 
precipitate and mixed slowly and then spread on the piste of 
monolayer cells, Heurofelastowa cells were used due to their 
good transaction efficiency. A luciferass control plassiti 
l&m) and CTV '^aiaetosidase plassaid (S^g) war© sssed for 
the transaction and expression was quantified by the 
lucifsrase assay and a HOG *-gaiactosid«« fluorescent 
assay. 




Assay values obtained with the norsial daleiua phosphate 
method wars considered as the control values and treated as 
the starting scale: (i) to measure increase in th® 
transaction efficiency (Table 13 - There was no visible 
5 changs in morphology of neuroblastoma cells, there was no 
transection when histdhe si one was ss.ixsd with phosphate 
buffer or when DHA was mixed With ealeiu® chloride alone. 
However when increasing amounts of histene {10*ig/al to 
100#g/ml) were added after formation of the phosphate 

10 particles a i« to 150 fold increase in jS-gsisctosidase 
activity and 13 to 132 fold increase in luciferase activity 
was obtained. When. 4Qjig/mi histona was added before or 
after formation of the precipitate then & 23-fold increase 
in ^-galactosidasa and a 45-fold or 74-fold increase in 

15 Iuciferase activity ferae obtained. Therefore it was observed 
that the addition of histone after formation of the calcium 
phosphate precipitate can increase transfection efficiency 
120-150 fold, where the control was the traditional 
phosphate method. 

20 

Titration of the histene in the calcium precipitate was 
performed with lower amounts of the Iuciferase control 
plasmid (4fig) and 4jig of a Slueseript plasssid (Stratgeha} 
(Table 8.2). Using increasing amounts ef histone (10<i4g/3!il 
25 to xoo^g/ml) , increases of 22 to 69 fold in H2h, 11 to 20 
fold in 3T3 fibroblasts, 2~ll fold in c-2 myoblasts and 2 
fold in F9 EC calls were obtained. 

Changes in morphology were observed in the F9 £C ceils only, 
30 where cells forsied circular colonies like eittbryoid bodies 
instead of a confluent monolayer of ceils, resulting in 
decrease of cell number by almost 20 - 30 fold. However 
after removing the hi stone-ca 1c iua phosphate precipitate 
cells regained their original shape. There Was no effect 
35 morphologically or transcriptionally on th® D3 esshrvonic 
stem cells. 
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After observing a substantial increase in the transection 
efficiency with histoid: and calcic phosphate precipitate 
it was found that calciu* nitrate was useful tor further 
increasing the transection efficiency, 

Calcius chloride was replaced with calcic nitrat. for the 
10 formation of the cajciusa phosphate precipitate giving & 30- 
fold increase in transection efficiency in 4-fold in 

3T3 fibroblast and 2,4-fold in F9 EC cells, subsequently 
when histone was added to the ealcio. nitrate facilitated 
phosphate precipitate, the transf action efficiency was 
increased 305 to 4 OS fold in neuroblast*** cells (K2A), is 
to 16 fold in the fibroblasts (3T3) and 3-f=ld in the FS EC 
caXis. Calcium phosphate precipitate was also prepared fro® 
a ccnoarcially available Kit (FIVE TO THHSE pftXKE 

IMC.) to act as a control for the precipitate f cosed. 
20 Values obtained f ro» both sets of calcic chloride reagents 
were similar. When histpne was added, similar increases in 
the transection values i.e. 42 to 37 in mk, 3 to 4 in ST3 
and 2 to 3 fold in ft cells were obtained (Table 3), 

25 Having achieved an increase in the transection efficiency, 
the »ini»al assount of the lueifereas control pixsmld needed 
to achieve good transection (Table 4) was assessed. With 
1 m of DHk; a 2-fold increase was obtained with the 
addition of histene. However with sooner of DM the increase 

30 with the hi stone was up to 9-fold. with lag of DMA a 
substantial increase of up to is -64 fold was obtained. 

Cells were stained for £-gslaetosidase activity in order to 
test whether the increase in the transaction efficiency was 
35 due to the DHA entering store cells, or whether there was 
more OKA going into each cell or an increased expression 
efficiency per cell ves being observed. when sells were 
counted, a s-e fold increase was observed upon addition of 
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histoae (Table 5} . However, when the calcium chloride was 
replaced with calciwis nitrate,, ® 5~f old increase was 
observed without histone addition, and upon histone addition 
& 35-33 fold ineresse in the ceil rsuaher was obtained. 

5 

Other types of histenes Also increase fcransfsetion 
•efficiency (Table 6) . Classif ication of histemes is based 
on the relative aadishts of lysine and arginine. histone 
type SiA is moderately rich in lysine, whereas histone types 
10 I22-SS and type V~S are members of the lysine rich 
subgroup. 

H3A was superior with the caicisia chloride setftod. «ith the 
nitrate saethod, H2A and H3A increased efficiency to 305 arid 
15 240 fold in nsk., IS and 23 tisses in 3T3 and 3 and 6 times in 
FS esatorycnal carcinoma cells. H5 was able to increase 
efficiency 2-14 fold by the chloride ssethod and 2-19* fold 
by the nitrate saethod in various cell lines, 

A BAGLac 2 , n*o vector (12»g) was transacted in to *Cre 
producer cells. BAGLseS, neo contains ^-galactosidase as a 
marker gene and neomycin phosphotransferase as a selection 

25 -gene. TranSfections were done in duplicate with or without 
histone (Sojig/asl) by the ealciun chloride or nitrate method. 
ASter 48hr calls from each plate were split into 20 pistes 
(iocs) with lOasl of mm snediua containing SOO.si^/ml of G418 
sulphate. Medina* containing C41S sulphate was changed every 

30 72 hrs. After three weeks G418 resistant clones were 
counted in duplicate sets of experiaents. 

With the control CaCl 3 reethed 740 clones were obtained; with 
addition of histone ceoyg/nl) clones increased by 3-£bld to 
35 2220, However with the new saethod using CaK0 3 a i'.:*~-foid 
increase was observed where clones increased to 2540? with 
addition of histone {SOjag/sl}: clones increased slightly to 
2830, thereby showing 4-fold increase in the transfection 



efficiency. 



Ti»« remits «wttt^« that there is 4n SncrSil „ in 
transaction efficiency as « result of ^i eh « n incr«*«e iit 
5 the srossb«r of sssiactsss clews is observed. 
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KE^ORTESs pGi.2 luciferase control piaanaid 

pO^ #^§&laetoisldaiSS plassaid (spg) 
5 CSkL LIME; Naurptoisgfcoiaa ceils tm&) 



ItJZmot)* 0-gaictcsidase asssy luciferase assay 

t 

S3 
41 
74 
S3 
122 
77 
45 
Hit 
1 



18 G&PC 4 


i 




14 


*SEXST 


24 


+RIST 30#g/»i 


9>1 


+H2ST 40jig/Hl 


as 




100 




150 


lOOjasg/aal 


ISO 




23 


HXST ^Ojsg/tal 8 * 


KIT, 



20 +DEAE Desftran 40Mg/!alc.3 



* Ths CaF0 4 ^hod {S®s buffer +DNA + cael 2 and histone type 
II A (iig/jsl of s»edi«»j >*ere used. 
*histone was added before addition of the eaci.. 
25 "nistone was added with the DKA only. 

values signify the fold increases compared to the standard 
calcitm chlorids method. 20*1 of cell extract was analysed 
using the procedure* and reagents supplied with the 

30 Luc.if erase Assay Reagent Kit (Prongs). Uroiferase 
activities were records by placing the reaction in a 
limincHMtar for 10 sec. These values were then divided by 
the protein concentration fin » 9 /ut) of the extract 
determined using the BIO-RAD protein assay kit with tevin* 

35 ser*m albumin as standard, such corrected values wers deed 
to calculate fold increases. *-galaetcsidase vai«es wre 
determined similarly using the Gaiactoiight kit (TROMJt) . 



3 

TABLS 2, EFFECT OF KIST03?E OK THE TRMJSFSCTION EFFiCSEKCv 
OK DIFFERENT CELL LltJES. 
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fcEFORTSRt g©La iucifsra&e cost^el piasnid f*^) 
pS la® script f4;fs§r) 
Lucif erase 



METHOD* 



*HIST IQ^sg/js 
+HIST 2i>aqf&i 
+KX8T SOjsg/Bl 
+HXST 75»g/Bl 
IS 8Qjtg/ai 
+KIST IflOjif/aJ 



H2K 


3T3 


'cm 


FS 


EC** D3 ES-r 


KSS2 
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ML 


%Z2 


11 
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XXL 


mil 


26 


12 
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1: 


MIL 


mil 


36 


20 


11 
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KIL 




54 
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NIL 


MIL 


«9 
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NIL 


NIL 


28 


14 


1 


1 


NIL 


MIL 



1IA (concentration in wg/ssl of ssediuE) were used. 
20 +©3 celis ware stained for 2-galactosidase activity which 
showed a few bi ye cells which were not sufficient for 
quantitation. 

**FS:«C ceils showed changes in the wsrphology and therefore 
the ceil population decreased to a large extent at the 
25 initial stag®. 

Values signify the fold increases compared to the standard 
calciuai chloride method. Analysis was performed as 
described in the legend to Table i, 
30 N2A, neuroblastoma m cells : 3T3, M2K3T3 fibroblasts: 

C2M ' 02 Wma*Ui FSEC, ¥9 esbryonal carinwaa cells; D3 Es, 
D3 aabryor.ic stess cells: K562, K562 erythro leukaemia ceils! 
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TABLE 3, HISTOFECTXOSj A KgS? METHOD OF TR&KSFECTI'OJf • 
REPORTER: pOL2 lueif-ers.se, eoiJitral plassid (4^g) 





pMwescript 






ASSAlf ; 


Luc if a rase 


assay. 












HETHOD* 


Kf2A 


3T3 


F§ EC 








eaCl 2 


1 


1 


X 




18 


4 


1.4 




42 


3 


1.4 




30 


4 


2,4 




402 


2S 


2.0 




305 


3.5 


3.0 


CsCI 2 (KIT) ** 1 


I 


1.0 




37 


4 


3.0 



*csXci«a chlor i<3a/ nitrate w«re us&d to fors the saleiaa 
phosphate prscipit&te and histens typa n A was added in 
20 appropriate GC3»cerstration (j*g/»l of stadium) . 

**'The calciua phosphate; kit was oijtainad from the ftvt mim 
TO THREE PRIME INC. 



For d«tails y see iegsnds to Tables 1 arid 2 



si 



TABLE 4. KISTOFSCTIOSf: EFFECT OS; 
A FUNCTION OP THE moum OF SKA 



TRAMSTECTIOH EFFXCtSWCIT AS 



pGL2 LsiciieEase central placid, 
S ASSAY t Liscif erase ass&^rv 

LIKE? Jteurobl&steisKs fK2&) 



~ ore >m a* 



l 

50 
13© 
25S 
IS SOD 
1000 



- histon® + histane* 



7 

17 

SO 

201 

234 

233 



12 (2) 
65 {4j 
147 (3) 
60S <3) 
IS 39 <g$ 
3823 (18} 



S {1,0) 
60 (4.0) 
85 {1.4} 
226 fi.S) 
10S9 f5,0) 



3,2 (2.05 
145 (S-Q) 
140 (2.3) 
§60 {S.0) 
4 541 f2.5) 



8822(38.0} UB46 {64.0) 



Th® values in brackets she* fold incrsss® whan cosap&rsg to 
th« standard cslcius chloride (- histon®) as&thod. 
20 * histoBS type IXA was used {SDyg/sl of sued i us) . 

Post details, sss lagsnd to Table 1 



TABLE 5. HIStOFSCTIOMJ QUmTXtmim QF THE TR&HSFECTXON 
EFFICXEHCY C»OWCIS$ CEliLS. 

RSKtKTSR; pCKV ^^a^setssidass pl&smid UQfsg) , 

5 ASSAY; ^-^fai*ctesi(5ais© staining 

:CBl£ LINE: KaurolaXastsssa sells 

METHOD IIP! CCW* (FOLD INCREASE) 

to Chhcim chlorids 12 

+ Ms* one 4QjSsg/5Kl 70 (6) 

+ hist one 8QfAg/sal 33 {8} 

JtXTRATS 60 (5) 

IS * historse JSSi*g/5al 2«7 (22) 

+ histOne SOyg/sl 36© <33} 

* Cells were counted at least six tisass at randsa! sitss ors 
js S cm plats fey using a lOx lans with a built in grid. 
20 Appropriate amount of histone type IIA w&s used with calcium 
chloride/ nitrate tssthod. 

£-ga .isctes idsse staining vas parforBsssci by standard prc®dur»s 
Using 5~foraBe-4-ehloro-3-indoylyl-£-0*gelactdsid« as th® 
25 chrosogeric substrate. 



OH THE imSSFSCTIQN EFFXSISKCX , 

RSFORTga; pSL2 lyeifsr&se control plssssia {As$q} 

ASSAY; Ltisif®rase ssssssy. 

M Stone TSfPE N2& 3T3 EC 

3-0 CAkCHSK CHLORIDE KCTftnp 

H IXA 42 3 1.4 

■S ttm si 4 3.4 

H 1M & ILEA* S3 9 i.s 

H VA 14 2 1,2 

IS 

R 305 15 3.8 

H II1A 240 23 6,6 

H %m i II1A 251 ? 4.0 

20 H VA 1$4 S 1.4 

hiRtorse concentration: used in transaction was soygj'M of 
asediiiE used. Values deplete©: in the table are the fold 
increases, wtsen coiapared to; the calciuat chloride ssathod 
25 (without histems) , 

* 40f*g/?Bl cf each typs of Mstorse was -used for the 
tr&sss feet ion . 



For details, see legends to Tables 1 and 2 
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X. A stethod for trans i= ©rising a cell with a nucleic acid 
comprising contacting the cell with a vector which csatpris®s 
5 the nucleic acid in the presence o£ a protein having a high 
basic astino acid content, 

2 . A Method according £© ttlaia i therein the nucleic acid 
is DMA. 

10 

3. A ssethod according to claim 1 or claia 2 vherein the 
protein having a high basic amino acid content is a hi stone 
protein. 

IS 4, A aaethod according to any preceding claisi further 

comprising the steps of.i 

a; bringing the vector into adssixture with calcium 

chloride irs a phosphate buffesr, to produce & calcium 

phosphate precipitate comprising the vector; and 
20 b) contacting the cell with the calcium phosphate 

precipitate, 

5. A method according to clalsa 4 wherein the protein 
having a high basic aaino acid content is added: after the 

2S formation of the calciusa phosphate precipitate. 

6. A aethod according to claisa 4 or elaisa 5, wherein the 
csiciua chloride is replaced by ealeiua nitrate. 

30 ?. A ssethod for transf acting a cell with a nucleic acid 

comprising the steps ofs 

a}' bringing the nucleic acid into the adaixtasre with 

calcium nitrate in a phosphate buffer, to produce a calcium 

phosphate precipitate comprising the nucleic acid; and 
35 b) contacting the cell with c&lciaiEi phosphate 

precipitate * 
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a- h kit coaprisiag. at. ieast one ©f: 

a) a preparation containing a protein having » high 
basic asjihe said contsnt; 

to) cakius ehfeids and /w cskias nitrrte; 
5 c) « phosphate teu£§m; ajsd 

<S) .nucleic- ssM, 
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